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DEVICE, SYSTEM AND METHOD FOR
BI-PHASE MODULATION DECODING

TECHNICAL FIELD

The present disclosure relates to decoding technology, and
more particularly to a device, system and method for bi-phase
modulation decoding of wireless charging.

BACKGROUND

The bi-phase modulation encoding technology is a com-
mon encoding technology to transmit data. FIG. 1 illustrates
bi-phase modulation encoding technology. As shown in FIG.
1, every bit window (i.e., bit cycle) of the bi-phase modulated
signal represents a bit value of a logic bit of the bi-phase
modulated signal, where every bit window starts with the
transition of the logic state. Logic low is represented by a
constant logic state of the bit cycle, while logic high is rep-
resented by the transition of the logic state at the center of the
bit cycle.

During the wireless charging process, the bi-phase modu-
lated signal is transmitted in a back-scattered manner, from a
wireless power receiver to a wireless power transmitter, thus
decreasing the amplitude of the bi-phase modulated signal
and increasing the waveform distortion of the bi-phase modu-
lated signal. However, the existing bi-phase modulation
decoding technology is only applied to general communica-
tions with large enough amplitude of the bi-phase modulated
signal. So it is not applied to decoding in the wireless charging
process, and it has other disadvantages such as occupying too
many hardware resources and having high bit error rate.

SUMMARY

The technical problem that the present application seeks to
solve is to provide a bi-phase modulation decoding device,
system and method, which can efficiently and accurately
decode the bi-phase modulated signal and can save hardware
resources.

To solve the above-mentioned problems, the present dis-
closure provides a bi-phase modulation decoding device,
including a sliding-window module configured to receive a
baseband signal corresponding to a bi-phase modulated sig-
nal, and generate a filtered data packet by filtering the base-
band signal using sliding-window digital filtering. The fil-
tered data packet may include a series of sliding-window
output values. The bi-phase modulation decoding device fur-
ther includes a determination module configured to determine
a bitstream corresponding to the bi-phase modulated signal
based on the filtered data packet. The determination module
determines a bit value of a first bit cycle of the bi-phase
modulated signal based on a sign of a sliding-window output
value of the first bit cycle and a sign of a sliding-window
output value of a next bit cycle.

The present application further provides a bi-phase modu-
lation decoding system, including a carrier separation device,
configured to obtain a baseband signal from a bi-phase modu-
lated signal; and a sliding-window decoding device config-
ured to generate a bitstream corresponding to the bi-phase
modulated signal. The sliding-window decoding device
includes a sliding-window module configured to generate a
filtered data packet by filtering the baseband signal using
sliding-window digital filtering, comprising a series of slid-
ing-window output values. The sliding-window decoding
device further includes a determination module configured to
determine the bitstream corresponding to the bi-phase modu-
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lated signal according to the filtered data packet. The deter-
mination module determines a bit value of a first bit cycle
based on a sign of a sliding-window output value of the first
bit cycle and a sign of a sliding-window output value of a next
bit cycle.

The present application further provides a bi-phase modu-
lation decoding method including generating, by filtering the
baseband signal using sliding-window digital filtering, a fil-
tered data packet comprising a series of sliding-window out-
put values; and determining a bitstream corresponding to the
bi-phase modulated signal based on the filtered data packet,
Determining the bitstream corresponding to the bi-phase
modulated signal includes determining a bit value of a first bit
cycle based on a sign of a sliding-window output value of the
first bit cycle and a sign of a sliding-window output value of
a next bit cycle.

Compared with the prior art, the bi-phase modulation
decoding device, system and method according to the present
disclosure can properly select sliding-window output values
and determine signs of sliding-window output values, thus
decoding the bi-phase modulated signal more efficiently and
accurately, without being influenced by the waveform distor-
tion of the modulated signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and benefits of embodiments of the claimed sub-
ject matter will become apparent as the following detailed
description proceeds, and upon reference to the drawings,
wherein like numerals depict like parts, and in which:

FIG. 1 illustrates bi-phase modulation encoding technol-
ogy.

FIG. 2 shows a schematic diagram of a bi-phase modula-
tion decoding system in accordance with one embodiment of
the present disclosure.

FIG. 3 shows a schematic diagram of a sliding-window
decoding device in accordance with one embodiment of the
present disclosure.

FIG. 4 illustrates the principle of sliding-window filtering
in accordance with one embodiment of the present disclosure.

FIG. 5 illustrates sliding-window output values in accor-
dance with one embodiment of the present disclosure.

FIG. 6 shows a schematic diagram of a determination mod-
ule in accordance with one embodiment of the present dis-
closure.

FIG. 7 illustrates a bit value determination process in
accordance with one embodiment of the present disclosure.

FIG. 8 illustrates a flowchart of a bi-phase modulation
decoding method in accordance with one embodiment of the
present disclosure.

DETAILED DESCRIPTION

Reference will now be made in detail to the embodiments
of'the present disclosure. While the present disclosure will be
described in conjunction with these embodiments, it will be
understood that they are not intended to limit the present
disclosure to these embodiments. On the contrary, the present
disclosure is intended to cover alternatives, modifications and
equivalents, which may be included within the spirit and
scope of the present disclosure as defined by the appended
claims.

Furthermore, in the following detailed description of the
present disclosure, numerous specific details are set forth in
order to provide a thorough understanding of the present
disclosure. However, it will be recognized by one of ordinary
skill in the art that the present disclosure may be practiced
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without these specific details. In other instances, well known
methods, procedures, components, and circuits have not been
described in detail as not to unnecessarily obscure aspects of
the present disclosure.

FIG. 2 shows a schematic diagram of a bi-phase modula-
tion decoding system 200 in accordance with one embodi-
ment of the present disclosure. As shown in FIG. 2, the bi-
phase modulation decoding system 200 includes a carrier
separation device 210 and a sliding-window decoding device
220. The carrier separation device 210 is configured to
receive a bi-phase modulated signal, perform carrier separa-
tion operation on the bi-phase modulated, and output the
generated baseband signal to the sliding-window decoding
device 220.

In one embodiment, the carrier separation device 210 can
respectively multiply the bi-phase modulated signal by a
sinusoidal signal and a cosine signal to generate two signals.
Both signals go through a filter (e.g., a finite impulse response
(FIR) filter), an N-point integrator and a squarer to generate
two processed signals, which are added together to obtain a
baseband signal. However, one skilled in the art should under-
stand that any suitable device and method can be utilized to
achieve the carrier separation device 210 and to obtain the
baseband signal. The above illustrative description is not the
limitation of the present application.

The sliding-window decoding device 220 coupled to the
carrier separation device 210 is configured to receive the
baseband signal corresponding to the bi-phase modulated
signal from carrier separation device 210, and to perform
sliding-window digital filtering on the baseband signal to
generate abitstream. FIG. 3 shows a schematic diagram of the
sliding-window decoding device 220 in accordance with one
embodiment of the present disclosure. As shown in FIG. 3, the
sliding-window decoding device 220 includes a sliding-win-
dow module 310 and a determination module 320. The slid-
ing-window module 310 is configured to receive the base-
band signal corresponding to the bi-phase modulated signal
(e.g., receive the baseband signal from the carrier separation
device 210), and to generate a filtered data packet by filtering
the baseband signal using sliding-window digital filtering.
The filtered data packet includes a series of sliding-window
output values. The determination module 320 coupled to
sliding-window module 310 is configured to receive the fil-
tered data packet from the sliding-window module 310, and to
determine the bit value corresponding to every bit cycle in the
bi-phase modulated signal based on the filtered data packet,
thus determining the bitstream corresponding to the bi-phase
modulated signal.

FIG. 4 illustrates the principle of sliding-window filtering,
used in the sliding window module 310 of FIG. 3, in accor-
dance with one embodiment of the present disclosure. As
shown in FIG. 4, the baseband signal received by the sliding-
window module 310 includes a series of digital points. These
digital points are listed in their order of reception, each one
having its own value. The sliding-window module 310 uses a
sliding-window with a fixed length to select 2N consecutive
points (e.g., digital points labeled as X |, X, .. ., X, at every
sliding-window position. The sliding-window slides from left
to right, every time sliding a constant distance (e.g., sliding
from a position shown with solid line to another position
shown with dotted line). The sliding-window module 310
outputs its corresponding sliding-window output value at
every sliding-window position, and those sliding-window
output values are arranged into a series of sliding-window
output values in their order of output. In the example of FIG.
4, the 2N digital points in the sliding-window are equally
divided into a left half part including points X, X,, ..., X,

10

15

20

25

30

35

40

45

50

55

60

65

4

and a right half part including points X, ;, Xy.s Xon-
According to sliding-window filtering characteristics, one
skilled in the art should understand that points X, X, ..., X,
can use positive coefficient (1) to perform sliding-window
filtering operation, and points X, ;, Xy, 2, X, Can use nega-
tive coefficient (-1) to perform sliding-window filtering
operation. Correspondingly, the sliding-window module 310
outputs a sliding-window output value X,_,VX,-2N,,, X, at
every sliding-window position. The above description is not
limiting, but only illustrative. In other examples, the sliding-
window module 310 can output a sliding-window output
value 2,_,VX,-Z,_ VX, at every sliding-window position.

FIG. 5 illustrates sliding-window output values in accor-
dance with one embodiment of the present disclosure. As
shown in FIG. 5, for every bit cycle, the bi-phase modulated
signal can be sampled into 2N points (assume N=5, i.e., every
bit cycle of the bi-phase modulated signal includes 10 digital
points). Ideally, the series of sliding-window output values
form a triangular wave. However, in the actual communica-
tion process, due to interference of mixed wave and noise, the
baseband signal received by the sliding-window module 310
has large waveform distortion compared with sampling
points, thus the series of sliding-window output values also
have large waveform distortion compared with the triangular
wave (as shown in FIG. 7). Therefore, the determination
module 320 should determine the bit value corresponding to
every bit cycle in the bi-phase modulated signal based on the
filtered data packet including the series of sliding-window
output values, thus determining the bitstream corresponding
to the bi-phase modulated signal.

FIG. 6 shows a schematic diagram of the determination
module 320 in accordance with one embodiment of the
present disclosure. The determination module 320 includes a
threshold calculation unit 601, a data detection unit 603, an
output value selection unit 605, a bit boundary adjustment
unit 607 and a data packet determination unit 609.

The threshold calculation unit 601 is configured to calcu-
late a threshold value THC based on the filtered data packet
from the sliding-window module 310. The data detection unit
603 is configured to provide an indication signal to the thresh-
old calculation unit 601 and the output value selection unit
605 based on the filtered data packet detected based on the
threshold value THC. In the example of FIG. 6, the filtered
data packet can include a preamble, a header, and a load
(related information such as their position, bit number, time
points of peak and trough, bit cycle can be obtained by the
data detection unit 603).

The threshold calculation unit 601 divides the threshold
calculation process into two stages. A first stage is from no
signal to the X-th bit (e.g., the 7th bit) of the preamble (start
stage). Correspondingly, the threshold value THC is set to a
first threshold value TH1, which is used to detect whether
there is any signal (i.e., any data packet). In one example
embodiment, the threshold calculation unit 601 calculates the
first threshold value TH1 by summing every M sliding-win-
dow output values of the filtered data packet and subtracting
the N largest sliding-window output values of the M sliding-
window output values, where M is an integer greater than 2
(e.g., M=69) and N is an integer greater than 0 and less than
M (e.g., N=5). One skilled in the art should understand that
the above threshold calculation method is only illustrative
and is not the limitation of the present application.

If the data detection unit 603 detects that the current slid-
ing-window output value is less than the first threshold value
THA1, then the data detection unit 603 generates a first indi-
cation signal (e.g., logic 0), which indicates that no new data
packet exists. The threshold calculation unit 601 updates the
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first threshold value TH1 at regular intervals (e.g., 1.725 ms
corresponding to 69 sliding-window output values) based on
the first indication signal. Ifthe data detection unit 603 detects
that the current sliding-window output value is greater than or
equal to the first threshold value TH1, then the data detection
unit 603 generates a second indication signal (e.g., logic 1),
which indicates that a new data packet exists. The threshold
calculation unit 601 stops updating the calculation of the first
threshold value TH1 based on the second indication signal.

Then, from the Y-th bit (e.g., the 8th bit) of the preamble to
the end of the data packet, the threshold calculation process
goes into a second stage (end stage). Correspondingly, the
threshold value THC is set to a second threshold value TH2,
which is used to timely detect a new data packet after a
previous data packet ends (even with interference of mixed
wave and noise). The second threshold value TH2 can be
preset to a suitable value greater than or equal to the stop-
updating first threshold value TH1 (e.g., based on experience,
the second threshold value TH2 is preset to a value equal to
the stop-updating first threshold value TH1).

If the data detection unit 603 detects that the current slid-
ing-window output value is greater than or equal to the second
threshold value TH2, then the data detection unit 603 gener-
ates a first indication signal (e.g., logic 0), which indicates
that the data packet is not over, and the threshold calculation
unit 601 does not change its threshold value. If the data
detection unit 603 detects that the current sliding-window
output value is less than the second threshold value TH2, then
the data detection unit 603 generates a second indication
signal (e.g., logic 1), which indicates that the data packet is
over. The threshold calculation unit 601 stops using the sec-
ond threshold value TH2 and starts updating the calculation
of the first threshold value TH1 based on the second indica-
tion signal (go to the first stage again).

As mentioned above, the data detection unit 603 also pro-
vides the indication signal (including the first indication sig-
nal and the second indication signal) to the output value
selection unit 605. After the output value selection unit 605
receives the second indication signal from the data detection
unit 603, which indicates that a new data packet exists, the
output value selection unit 605 generates a delay signal to the
bit boundary adjustment unit 607. The bit boundary adjust-
ment unit 607 adjusts a bit boundary of the bi-phase modu-
lated signal based on the delay signal. For example, the bit
boundary adjustment unit 607 shifts the bit boundary of the
bi-phase modulated signal by a half bit cycle so as to obtain
the adjusted bit boundary. Then, the output value selection
unit 605 selects a plurality of sliding-window output values
from the series of sliding-window output values according to
the adjusted bit boundary. In the example of FIG. 7, at time
point 21 ms, the output value selection unit 605 receives the
second indication signal from the data detection unit 603,
which indicates that a new data packet exists. Here, the time
point 21 ms can be regarded as the start time point of the bit
cycle t0. Then, the output value selection unit 605 generates
the delay signal to the bit boundary adjustment unit 607, and
the bit boundary adjustment unit 607 adjusts the bit boundary
according to the delay signal. Since the accuracy of the bit
boundary greatly influences the waveform distortion, the bit
boundary should be properly adjusted (e.g., the bit boundary
is shifted by an amount determined based on experience). In
one preferred embodiment, the bit boundary adjustment unit
607 shifts the bit boundary by a half bit cycle (e.g., 0.25 ms),
then the start time point of the bit cycle is changed from time
point t0 to t0'. Correspondingly, following bit boundaries
between two adjacent bit cycles will be successively adjusted
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6
to t1'-t7". The adjusted bit boundaries t0'-t7' define the
adjusted bit cycles corresponding to bit values b0-b6.

Then, the output value selection unit 605 selects a plurality
of sliding-window output values from the series of sliding-
window output values according to the adjusted bit bound-
aries (e.g., 10'-t7"). Specifically, the output value selection unit
605 selects a modulo maximum extreme point (also known as
H value) from the series of sliding-window output values for
every adjusted bit cycle. As shown in FIG. 7, the output value
selection unit 605 successively selects extreme points H0-H6
corresponding to bit values b0-b6, and the output value selec-
tion unit 605 further selects a extreme point H7 for a bit value
b7 (not shown). The output value selection unit 605 provides
the selected plurality of sliding-window output values (e.g.,
extreme points H0-H6) to the data packet determination unit
609. The data packet determination unit 609 coupled to the
output value selection unit 605 is configured to receive the
selected plurality of sliding-window output values from the
output value selection unit 605, and to determine the bit-
stream corresponding to the bi-phase modulated signal based
on the selected plurality of sliding-window output values. In
one embodiment, the data packet determination unit 609
determines a bit value of a first bit cycle of the bi-phase
modulated signal based on a sign of a sliding-window output
value of the first bit cycle and a sign of a sliding-window
output value of a next bit cycle. One way of determining the
bit value of the first bit cycle is to perform XNOR (i.e., inverse
of'exclusive OR) operation on the sign of the sliding-window
output value of the first bit cycle and the sign of the sliding-
window output value of the next bit cycle. If the selected
sliding-window output value (e.g., the extreme point) is a
positive number, the sign of the sliding-window output value
is 0; and if the selected sliding-window output value (e.g., the
extreme point) is a negative number, the sign of the sliding-
window output value is 1. One skilled in the art should under-
stand that other suitable methods can be utilized to determine
the bit value corresponding to the bit cycle.

In the example of FIG. 7, for the first bit cycle (which is
defined by bit boundaries t0' and t1') and the next bit cycle
(which is defined by bit boundaries t1' and t2'), the output
value selection unit 605 selects the sliding-window output
value HO for the first bit cycle and selects the sliding-window
output value H1 for the next bit cycle. The sliding-window
output value HO is a positive number, so the sign of the
sliding-window output value S;is 0. The sliding-window
output value H1 is a negative number, so the sign of the
sliding-window output value S;;, is 1. Therefore, the data
packet determination unit 609 determines the bit value
b0=S8;,OS;;=001=0. Similarly, the data packet determina-
tion unit 609 determines the bit values b1-b6:

b1=S,;,0S,,,=100=0;

b2=S,,,08S,,,=001=0;

b3=S,,;08S,,=101=1;

b4=S,,,08S,,;=100=0;

b5=S,,s0S ;,,~000=1;

b6=S,,,0S,,,~000=1.

Advantageously, the bi-phase modulation decoding
device, system and method according to the present disclo-
sure can properly select sliding-window output values and
determine signs of sliding-window output values, thus decod-
ing the bi-phase modulated signal more efficiently and accu-
rately, without being influenced by the waveform distortion of
the modulated signal.

FIG. 8 illustrates a flowchart of a bi-phase modulation
decoding method 800 in accordance with one embodiment of
the present disclosure. FIG. 8 is described in combination
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with FIG. 2 to FIG. 7. However, the bi-phase modulation
decoding method 800 of FIG. 8 is not limited to those
embodiments.

In step 802, the carrier separation device 210 receives a
bi-phase modulated signal, performs carrier separation
operation on the bi-phase modulated, and outputs the gener-
ated baseband signal to the sliding-window decoding device
220.

In one embodiment, step 802 includes: the carrier separa-
tion device 210 respectively multiplies the bi-phase modu-
lated signal by a sinusoidal signal and a cosine signal to
generate two signals. Both signals go through e.g., a FIR
filter, an N-point integrator and a squarer to generate two
processed signals, which are added together to obtain a base-
band signal. However, one skilled in the art should understand
that any suitable device and method can be utilized to achieve
step 802. The above illustrative description is not the limita-
tion of the present application.

In step 804, the sliding-window module 310 receives the
baseband signal from the carrier separation device 210, and
generates a filtered data packet by filtering the baseband
signal using sliding-window digital filtering. The filtered data
packet includes a series of sliding-window output values.

For example, in the embodiment of FIG. 4, the baseband
signal received by the sliding-window module 310 includes a
series of digital points. These digital points are listed in their
order of reception, each one having its own value. The slid-
ing-window module 310 uses a sliding-window with a fixed
length to select 2N consecutive points (e.g., digital points
labeled as X, X, . . ., X,,,) atevery sliding-window position.
The sliding-window slides from left to right, every time slid-
ing a constant distance (e.g., sliding from a position shown
with solid line to another position shown with dotted line).
The sliding-window module 310 outputs its corresponding
sliding-window output value at every sliding-window posi-
tion, and those sliding-window output values are arranged
into a series of sliding-window output values in their order of
output. For example, the sliding-window module 310 can
output a corresponding sliding-window output value
3 YX 2 P X or 2, X -2, Y X, atevery sliding-
window position. Ideally, the series of sliding-window output
values form a triangular wave. However, in the actual com-
munication process, due to mixed wave and disturb signal, the
baseband signal received by the sliding-window module 310
has large waveform distortion compared with sampling
points, thus the series of sliding-window output values also
having large waveform distortion compared with the triangu-
lar wave (as shown in FIG. 7).

In step 806, the threshold calculation unit 601 calculates a
threshold value THC based on the filtered data packet from
the sliding-window module 310. The data detection unit 603
provides an indication signal to the threshold calculation unit
601 and the output value selection unit 605 based on the
filtered data packet detected based on the threshold value
THC.

Step 806 can include: in the first stage (e.g., start stage,
from no signal to the 7th bit of the preamble), the threshold
calculation unit 601 calculates the first threshold value TH1
by summing every M sliding-window output values of the
filtered data packet and subtracting the N largest sliding-
window output values of the M sliding-window output val-
ues, where M is an integer greater than 2 (e.g., M=69) and N
is an integer greater than 0 and less than M (e.g., N=5). If the
data detection unit 603 detects that the current sliding-win-
dow output value is less than the first threshold value TH1,
then the data detection unit 603 generates a first indication
signal (e.g., logic 0), which indicates that no new data packet
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exists. The threshold calculation unit 601 updates the first
threshold value TH1 at regular intervals (e.g., 1.725 ms cor-
responding to 69 sliding-window output values) based on the
first indication signal. If the data detection unit 603 detects
that the current sliding-window output value is greater than or
equal to the first threshold value TH1, then the data detection
unit 603 generates a second indication signal (e.g., logic 1),
which indicates that a new data packet exists. The threshold
calculation unit 601 stops updating the calculation of the first
threshold value TH1 based on the second indication signal.

Step 806 can further include: in the second stage (e.g., end
stage, from the 8th bit of the preamble to the end of the data
packet), the threshold calculation unit 601 sets the threshold
value THC to a second threshold value TH2 (e.g., the second
threshold value TH2 is equal to the stop-updating first thresh-
old value TH1). The second threshold value TH2 is used to
timely detect a new data packet after a previous data packet
ends (even with mixed wave and disturb signal). If the data
detection unit 603 detects that the current sliding-window
output value is greater than or equal to the second threshold
value TH2, then the data detection unit 603 generates a first
indication signal (e.g., logic 0), which indicates that the data
packet is not over, and the threshold calculation unit 601 does
not change its threshold value. If the data detection unit 603
detects that the current sliding-window output value is less
than the second threshold value TH2, then the data detection
unit 603 generates a second indication signal (e.g., logic 1),
which indicates that the data packet is over. The threshold
calculation unit 601 stops using the second threshold value
TH2 and starts updating the calculation of the first threshold
value TH1 based on the second indication signal (go to the
first stage again).

In step 808, the output value selection unit 605 generates a
delay signal to the bit boundary adjustment unit 607 accord-
ing to the indication signal from the data detection unit 603,
and the bit boundary adjustment unit 607 adjusts the bit
boundary of the bi-phase modulated signal based on the delay
signal.

For example, in the preferred embodiment of FIG. 7, in
response to the delay signal, the bit boundary adjustment unit
607 can shift the bit boundary by a half bit cycle (e.g., 0.25
ms), then the start time point of the bit cycle is changed from
time point t0 to t0'. Correspondingly, following bit bound-
aries between two adjacent bit cycles will be successively
adjusted to t1'-t7'. The adjusted bit boundaries t0'-t7' define
the adjusted bit cycles corresponding to bit values b0-b6.

In step 810, the output value selection unit 605 selects a
plurality of sliding-window output values from the series of
sliding-window output values according to the adjusted bit
boundaries.

Specifically, the output value selection unit 605 selects a
modulo maximum extreme point (also known as H value)
from the series of sliding-window output values for every
adjusted bit cycle. As shown in FIG. 7, the output value
selection unit 605 successively selects extreme points H0-H6
corresponding to bit values b0-b6, and the output value selec-
tion unit 605 further selects a extreme point H7 for a bit value
b7 (not shown).

In step 812, the data packet determination unit 609 receives
the selected plurality of sliding-window output values from
the output value selection unit 605, and determines the bit-
stream corresponding to the bi-phase modulated signal based
on the selected plurality of sliding-window output values.

In one embodiment, step 812 includes: the data packet
determination unit 609 determines a bit value of a first bit
cycle based on a sign of a sliding-window output value of the
first bit cycle and a sign of a sliding-window output value of
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a next bit cycle. One preferred way of determining the bit
value of the first bit cycle is to perform XNOR operation on
the sign of the sliding-window output value of the first bit
cycle and the sign of the sliding-window output value of the
next bit cycle. If the selected sliding-window output value
(e.g., the extreme point) is a positive number, the sign of the
sliding-window output value is 0; and if the selected sliding-
window output value (e.g., the extreme point) is a negative
number, the sign of the sliding-window output value is 1. One

skilled in the art should understand that other suitable meth- 10

ods can beutilized to determine the bit value corresponding to
the bit cycle.

Advantageously, the bi-phase modulation decoding
device, system and method according to the present disclo-
sure can properly select sliding-window output values and
determine signs of sliding-window output values, thus decod-
ing the bi-phase modulated signal more efficiently and accu-
rately, without being influenced by the waveform distortion of
the modulated signal.

While the foregoing description and drawings represent
embodiments of the present disclosure, it will be understood
that various additions, modifications and substitutions may be
made therein without departing from the spirit and scope of
the principles of the present disclosure as defined in the
accompanying claims. One skilled in the art will appreciate
that the present disclosure may be used with many modifica-
tions of form, structure, arrangement, proportions, materials,
elements, and components and otherwise, used in the practice
of the present disclosure, which are particularly adapted to
specific environments and operative requirements without
departing from the principles of the present disclosure. The
presently disclosed embodiments are therefore to be consid-
ered in all respects as illustrative and not restrictive, the scope
of the present disclosure being indicated by the appended
claims and their legal equivalents, and not limited to the
foregoing description.

What is claimed is:
1. A bi-phase modulation decoding device, comprising:
a sliding-window module configured to:
receive a baseband signal corresponding to a bi-phase
modulated signal, and

generate a filtered data packet by filtering the baseband
signal using sliding-window digital filtering, wherein
the filtered data packet comprises a series of sliding-
window output values; and

a determination module configured to determine a bit-
stream corresponding to the bi-phase modulated signal
based on the filtered data packet,

wherein the determination module determines a bit value
ofa first bit cycle of the bi-phase modulated signal based
on a sign of a sliding-window output value of the first bit
cycle and a sign of a sliding-window output value of a
next bit cycle.

2. The bi-phase modulation decoding device according to

claim 1, wherein the determination module comprises:

a threshold calculation unit configured to calculate a
threshold value based on the filtered data packet;

a data detection unit configured to provide an indication
signal to the threshold calculation unit based on the
filtered data packet detected based on the threshold
value;

an output value selection unit configured to:
generate a delay signal according to the indication sig-

nal, and
select a plurality of sliding-window output values from
the series of sliding-window output values;
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a bit boundary adjustment unit configured to adjust a bit
boundary of the bi-phase modulated signal based on the
delay signal; and

a data determination unit configured to determine the bit-
stream corresponding to the bi-phase modulated signal
based on the selected plurality of sliding-window output
values.

3. The bi-phase modulation decoding device according to
claim 2, wherein the threshold value is one of a first threshold
value and a second threshold value, wherein the threshold
calculation unit is further configured to calculate the first
threshold value by summing every M sliding-window output
values of the filtered data packet and subtracting the N largest
sliding-window output values of the M sliding-window out-
put values, and to preset the second threshold value to a value
greater than or equal to the first threshold value, wherein M is
an integer greater than 2 and N is an integer greater than 0 and
less than M.

4. The bi-phase modulation decoding device according to
claim 3, wherein in response to the threshold value being the
first threshold value:

the data detection unit generates a first indication signal,
and the threshold calculation unit updates the first
threshold value based on the first indication signal if the
current sliding-window output value is less than the first
threshold value; and

the data detection unit generates a second indication signal,
and the threshold calculation unit stops updating the first
threshold value based on the second indication signal if
the current sliding-window output value is greater than
or equal to the first threshold value.

5. The bi-phase modulation decoding device according to
claim 3, wherein in response to the threshold value being the
second threshold value:

the data detection unit generates a first indication signal
and the threshold calculation unit does not change the
threshold value if the current sliding-window output
value is greater than or equal to the second threshold
value; and

the data detection unit generates a second indication signal,
and the threshold calculation unit stops using the second
threshold value and starts updating the first threshold
value based on the second indication signal if the current
sliding-window output value is less than the second
threshold value.

6. The bi-phase modulation decoding device according to
claim 2, wherein the bit boundary adjustment unit shifts the
bit boundary of the bi-phase modulated signal by a half bit
cycle to obtain the adjusted bit boundary.

7. The bi-phase modulation decoding device according to
claim 2, wherein the output value selection unit selects a
modulo maximum sliding-window output value from the
series of sliding-window output values for every adjusted bit
cycle defined by the adjusted bit boundary.

8. The bi-phase modulation decoding device according to
claim 2, wherein the data determination unit performs XNOR
(inverse of exclusive OR) operation on the sign of the sliding-
window output value of the first bit cycle and the sign of the
sliding-window output value of the next bit cycle to determine
the bit value of the first bit cycle.

9. A bi-phase modulation decoding system, comprising:

a carrier separation device, configured to obtain a baseband

signal from a bi-phase modulated signal; and

a sliding-window decoding device configured to generate a
bitstream corresponding to the bi-phase modulated sig-
nal, the sliding-window decoding device comprising:
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a sliding-window module configured to generate a fil-
tered data packet by filtering the baseband signal
using sliding-window digital filtering, comprising a
series of sliding-window output values; and

a determination module configured to determine the bit-
stream corresponding to the bi-phase modulated sig-
nal according to the filtered data packet,

wherein the determination module determines a bit value
of a first bit cycle based on a sign of a sliding-window
output value of the first bit cycle and a sign of a sliding-
window output value of a next bit cycle.

10. The bi-phase modulation decoding system according to

claim 9, wherein the determination module comprises:

a threshold calculation unit configured to calculate a
threshold value based on the filtered data packet;

a data detection unit configured to provide an indication
signal to the threshold calculation unit based on the
filtered data packet detected based on the threshold
value;

an output value selection unit configured to:
generate a delay signal based on the indication signal,

and

select a plurality of sliding-window output values from
the series of sliding-window output values;

a bit boundary adjustment unit configured to adjust a bit
boundary of the bi-phase modulated signal based on the
delay signal; and

a data determination unit configured to determine the bit-
stream corresponding to the bi-phase modulated signal
based on the selected plurality of sliding-window output
values.

11. The bi-phase modulation decoding system according to
claim 10, wherein the threshold value is one of a first thresh-
old value and a second threshold value, wherein the threshold
calculation unit is further configured to calculate the first
threshold value by summing every M sliding-window output
values of the filtered data packet and subtracting the N largest
sliding-window output values of the M sliding-window out-
put values, and to preset the second threshold value to a value
greater than or equal to the first threshold value, wherein M is
an integer greater than 2 and N is an integer greater than 0 and
less than M.

12. The bi-phase modulation decoding system according to
claim 11, wherein in response to the threshold value being the
first threshold value:

the data detection unit generates a first indication signal,
and the threshold calculation unit updates the first
threshold value based on the first indication signal if the
current sliding-window output value is less than the first
threshold value; and

the data detection unit generates a second indication signal,
and the threshold calculation unit stops updating the first
threshold value based on the second indication signal if
the current sliding-window output value is greater than
or equal to the first threshold value.

13. The bi-phase modulation decoding system according to
claim 11, wherein in response to the threshold value being the
second threshold value:

the data detection unit generates a first indication signal
and the threshold calculation unit does not change the
threshold value if the current sliding-window output
value is greater than or equal to the second threshold
value; and

the data detection unit generates a second indication signal,
and the threshold calculation unit stops using the second
threshold value and starts updating the first threshold
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value based on the second indication signal if the current
sliding-window output value is less than the second
threshold value.

14. The bi-phase modulation decoding system according to
claim 10, wherein the bit boundary adjustment unit shifts the
bit boundary of the bi-phase modulated signal by a half bit
cycle to obtain the adjusted bit boundary.

15. The bi-phase modulation decoding system according to
claim 10, wherein the output value selection unit selects a
modulo maximum sliding-window output value from the
series of sliding-window output values for every adjusted bit
cycle defined by the adjusted bit boundary.

16. The bi-phase modulation decoding system according to
claim 10, wherein the data determination unit performs
XNOR (inverse of exclusive OR) operation on the sign of the
sliding-window output value of the first bit cycle and the sign
of the sliding-window output value of the next bit cycle to
determine the bit value of the first bit cycle.

17. A bi-phase modulation decoding method, comprising:

generating, by filtering a baseband signal using sliding-

window digital filtering, a filtered data packet compris-
ing a series of sliding-window output values; and
determining a bitstream corresponding to the bi-phase
modulated signal based on the filtered data packet,
wherein determining the bitstream corresponding to the
bi-phase modulated signal comprises determining a bit
value of a first bit cycle based on a sign of a sliding-
window output value of the first bit cycle and a sign of a
sliding-window output value of a next bit cycle.

18. The bi-phase modulation decoding method according
to claim 17, further comprising:

obtaining the baseband signal from the bi-phase modulated

signal.

19. The bi-phase modulation decoding method according
to claim 17, wherein determining the bitstream correspond-
ing to the bi-phase modulated signal comprises:

calculating a threshold value based on the filtered data

packet;

providing an indication signal based on the filtered data

packet detected based on the threshold value;
generating a delay signal based on the indication signal;
adjusting a bit boundary of the bi-phase modulated signal
based on the delay signal;
selecting a plurality of sliding-window output values from
the series of sliding-window output values based on the
adjusted bit boundary; and

determining the bit value of the first bit cycle according to

the sign of the selected sliding-window output value of
the first bit cycle and the sign of the selected sliding-
window output value of the next bit cycle.

20. The bi-phase modulation decoding method according
to claim 19, wherein the threshold value is one of a first
threshold value and a second threshold value, and wherein
calculating the threshold value comprises:

calculating the first threshold value by summing every M

sliding-window output values of the filtered data packet
and subtracting the N largest sliding-window output val-
ues of the M sliding-window output values, wherein M is
an integer greater than 2 and N is an integer greater than
0 and less than M; and

presetting the second threshold value to a value greater

than or equal to the first threshold value.

21. The bi-phase modulation decoding method according
to claim 20, wherein in response to the threshold value being
the first threshold value, generating the indication signal com-
prises:
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generating a first indication signal and updating the first
threshold value based on the first indication signal if the
current sliding-window output value is less than the first
threshold value; and

generating a second indication signal and stopping updat-

ing the first threshold value based on the second indica-
tion signal if the current sliding-window output value is
greater than or equal to the first threshold value.

22. The bi-phase modulation decoding method according
to claim 20, wherein in response to the threshold value being
the second threshold value, generating the indication signal
comprises:

generating a first indication signal and not changing the

threshold value if the current sliding-window output
value is greater than or equal to the second threshold
value; and

generating a second indication signal and stopping using

the second threshold value and starting updating the first
threshold value based on the second indication signal if
the current sliding-window output value is less than the
second threshold value.

20
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23. The bi-phase modulation decoding method according
to claim 19, wherein adjusting the bit boundary of the bi-
phase modulated signal comprises

shifting the bit boundary of the bi-phase modulated signal

by a half bit cycle to obtain the adjusted bit boundary.

24. The bi-phase modulation decoding method according
to claim 19, wherein selecting the plurality of sliding-window
output values comprises:

selecting a modulo maximum sliding-window output value

from the series of sliding-window output values for
every adjusted bit cycle defined by the adjusted bit
boundary.

25. The bi-phase modulation decoding method according
to claim 19, wherein determining the bit value of the first bit
cycle comprises:

performing XNOR (inverse of exclusive OR) operation on

the sign of the sliding-window output value of the first
bit cycle and the sign of the sliding-window output value
of the next bit cycle to determine the bit value of the first
bit cycle.



